 Premise of the study: Genome size is a major biological parameter that is 30 correlated with several biological traits and affected by intense selection 31 pressures such as domestication. Genome size variations among related 32 species of palms is of evolutionary significance and further knowledge of 33 genome size will provide crucial information needed for planning of whole 34 genome sequencing and accurate annotations. In addition, large genomes tend 35 to contain more repeated sequences, which makes assembly more difficult. In 36 this paper, we studied the genome size of Cocos nucifera L. and its variations 37 then we compared it to the values estimated for related palms of the Attaleinae 38 
INTRODUCTION 61
Polyploidy is an important process in the evolution of plants with far reaching 62 effects from molecular to ecological levels and it contributes to reproductive isolation, 63 as novel gene expressions led to divergence and potentially to speciation (Adams and 64 Wendel, 2005; Comai, 2005) . Polyploidy is known to occur among 80% of 65 angiosperms (Masterton, 1994) and it is also common in domesticated plants. Indeed 66 it is detectable in major crops such as cereals (wheat and rye), maize, cotton, potato, 67 banana, sugar cane and coffee (Gaut and Doebley, 1997; Wendel and Cronn, 2003 ; 68
Heslop-Harrison and Schwarzacher, 2007). More, polyploidy adds complexity when 69
identifying the wild ancestors of a domesticated plant (Olsen and Wendel, 2013) . 70
Understanding the impacts of ploidy levels on the genome size is informative since 71 gene duplications can play an important role in epigenetic gene silencing or 72 expression and also provide protection against harmful viruses and transposons 73 (Pichersky, 1990) . 74
Detection of ploidy levels using flow cytometric methods provides a practical 75 tool for plant breeders interested in polyploidy because they may be exploited for 76 desirable phenotypic traits for horticultural purposes (Parris et al., 2010) or for plant 77 conservation biologists as polyploidy may also be a hindrance to reproduction 78 because of sterility of polyploids. 79
The C-value is equivalent to genome size in diploid species although it is 80 always greater than the genome size(s) in polyploids (Bennett, Bhandol, and Leitch, 81 2000). Indeed, a diploid plant has two genomes, after gametic fertilization, whereas a 82 polyploid has more than two genomes as a result of either autopolyploidization or 83 allopolyploidization following hybridization (Stebbins, 1959) . The C-value (holoploid 84 genome size) of a species corresponds to the DNA amount in its unreplicated haploid 85
In Angiosperms, C-values range from 0.1 to 127.4 pg (Bennett, Bhandol, and 110 Leitch, 2000), each value being characteristic of a given species. The palm family 111 (Arecaceae) is among the most diverse, with C-values ranging from 0.9 to 30 pg 112 (Angiosperm 1C-values database (http://data.kew.org/cvalues/)). Within the Cocoseae 113 tribe Voanioala gerardii J. Dransf., a polyploid (1C-value = 30 pg; n = ca. 300) shows 114
Cocos nucifera L. (Arecaceae) has 16 chromosomes (Nambiar and 116 Swaminathan, 1960; Abraham and Mathew, 1963) and is the only species of its genus. 117
The coconut palm is cultivated globally on over 12 million hectares in the humid 118 tropics. It is best regarded as a semi-domesticated species, a complex of local 119 populations with all degrees of dependency upon humans, from nil to complete (Sauer, 120
1971). Although Harries (1978) d i s t i n g u i s h e s " d o m e s t i c a t e d " a n d " w i l d " c o c o n u t s 121
this distinction refers to an ancient domestication event but acknowledges that both 122 types are indifferently cultivated nowadays. Wild populations do exist but only in a 123 few locations (Foale, 2005) but some of them might be feral i.e. formerly cultivated 124 population surviving spontaneously (Baudouin, Gunn, and Olsen, 2014) . 125
At the other end of the range, Dwarf coconut can be regarded as the most 126 completely domesticated type (Gunn, Baudouin, and Olsen, 2011) . This coconut type 127 is usually grown near human habitations and account for only 5% of coconuts 128 globally (Bourdeix et al., 2010). Its self-pollinating floral biology enables the true to 129 type propagation of desirable genotypes and the screening for rare off-types based on 130 recognizable phenotypic markers such as fruit color and shape. It is precocious, 131 maturing usually after four years. Dwarf coconut is especially appreciated for the 132 water of its immature nuts and its slow growth makes harvesting relatively easy for 133 most of its relatively short lifespan (ca. 35 years) (Bourdeix et al., 2010) . Finally, it is 134 dependent on human protection because it is a poor competitor in natural stands or in 135 mixed plantings due to its short lifespan and to its reduced vigor. To date, genome size has been estimated for only 3% of total palm species, 147 principally based on Feulgen-microdensitometry methods (Greilhuber, 1986; Röser, 148 Johnson, and Hanson, 1997). Flow cytometry has become the predominant method for 149 ploidy studies and determination of absolute DNA contents of cells, due to its high 150 sample throughput and relative ease of sample preparation (Dolezel and Bartos, 2005; 151 Dolezel, Greilhuber, and Suda, 2007) . Intraspecific genome size has been shown to 152 vary between cultivars and wild progenitors in Angiosperms (Greilhuber, 2005) , and 153 such subtle changes may be detected only when using flow cytometry. Karyotyping 154 analyses does not allow for the detection of infraspecific genome size differences 155 because the number of chromosomes is unlikely to vary and when Feulgen-156 microdensitometry method is used, the presence of tannins in root tissue may interfere 157 with the Feulgen dye then causing errors in the measurement of nuclear DNA 158 amounts (Greilhuber, 1986) . 159
Determination of the genome sizes of cultivated coconuts and ploidy level are 160 essential prerequisites for the sequencing of the coconut genome. This will provide 161 precise calculation for the optimal depth of reads required and accurate assembly and 162 annotations of the coconut genome. Genome sequences have been recently generated 163 and made publicly available for two palm species of major economic importance, 164 namely the date palm (Al-Dous et al., 2011) and the oil palm (Singh et al., 2013) . For 165 the coconut palm, future genome sequencing will be of paramount interest for the 166 identification of genes responsible for disease resistance and characters of agro-167 ecological interest such as drought or salt tolerance (Fan et al., 2013) . The integration 168 of gene discovery and Marker Assisted Breeding will pave the way for the generation 169 of new coconut cultivars, which will be better adapted to changing agro-climatic 170
conditions. 171
We are keen to know if the phenotypic differences such as dwarfism and fruit 172 morphology observed between Dwarf and Tall cultivars and their different generation 173 times (three vs seven years) are related to their genome size. In this study, we 174 explored genome size variation using flow cytometry in 23 coconut genotypes from 175 around the globe, including two Australian wild-sown coconuts. Our objectives were: 176 1) to determine the actual genome size of coconut, for which contradictory values 177 were published; 2) to study possible intraspecific variations, and the impact of 178 domestication on genome size; 3) to test whether genome size is less variable in 179
Dwarf than in Tall coconut types and 4) to reconstruct ancestral genome sizes across 180 the Attaleinae subtribe. were added, for a final DAPI concentration of 4 µg mL -1 . After homogenizing and 213 stabilizing for 5 minutes at room temperature, the stained nuclei suspensions were 214
analyzed. 215
We measured relative fluorescence intensities from stained nuclei using a 216
Beckman-Coulter CyAN TM ADP flow cytometer (Beckman Coulter Inc., U.S.A.) with 217 at least 500 nuclei analyzed per run. We repeated measurements of the G1 peaks 218 with low signal to noise ratio, mainly due to inadequate preservation of analyzed plant 225 material). 226
Proportionality of G1 peak values with internal standard -The 227
proportionality of the G1 peak values between the coconut genotypes and the internal 228 standard (Petunia hybrida) was checked through regression analyses in order to 229 determine the correlation between the G1 peak values of the internal standard and 230 studied coconut genotypes. The results from the regression analysis of G1 peak values 231 for various coconuts against the internal standard (Petunia hybrida) were highly 232 correlated (corrected R 2 = 0.9997 when the intercept was fixed to 0) thus confirming 233 their proportionality. The proportionality coefficient was 2.0921 ± 0.0041 (mean ± 234 s.e.). This enabled the use of the ratio of the coconut G1 values to the internal 235 standard to calculate the absolute genome size of the coconut ecotypes (see Appendix 236
1). 237
Genome size for each sample was estimated as G C = D C /D S *G S where D C is 238 the G1 peak value of coconut, D S is the G1 peak value of the standard, and G S is the 239 genome size of the standard (2.85 pg for Petunia). We examined variation in genome 240 size among cultivars using ANOVA and we applied the F-test to determine the 241 significance of the values. We tested for possible effects of domestication on genome 242 size of Cocos nucifera by forming two groups: Tall (n = 16), and Dwarf (n = 7) again 243 using ANOVA. We followed the same method to analyze variation between Indo-244
Atlantic and Pacific groups of geographical origin. Attaleinae available from Genbank. We conducted maximum likelihood analyses 260 using PHYML software (Guindon and Gasceul, 2003) 
to the DNA sequences. We traced the 2C-values sizes as continuous characters on to 269 the ML tree in order to infer ancestral state likelihoods. We used Bactris and Elaeis as 270 outgroups for the non-spiny Attaleinae. 271
RESULTS

272
Absolute genome size of the coconut 273
The overall mean of genome size was 5.963 pg, after exclusion of the hybrid 274 genotypes. The residual standard deviation was 0.0641 pg. This represents the 275 uncertainty due to the breadth of the peaks and to random fluctuations of the 276 experimental conditions. 277
Ploidy level of coconut cultivars 278
The DNA histograms obtained for all the coconut cultivars under study clearly 279 showed a single G1 peak, suggesting that all samples were only diploids (Fig. 1) . G1 
Genome size in Attaleinae 303
Within the Attaleinae subtribe, the holoploid genome sizes were as follows: clades was 4.86 pg (Fig. 3) . Genome size amongst Butia appears to be the smallest 323 
Genome size in coconut and its variations 328
Our results indicate that the genome size of the coconut is 5.963 ± 0.111 pg or 329 5.757 Gbp. This value differs from the results obtained through Feulgen-330 microdensitometry by Röser et al. (1997) . In addition, the 4C value of Cocos nucifera 331 was reported inconsistently by these authors: indeed in Table 3 
Evolution of genome size in Attaleinae 370
The Attaleinae is monophyletic and includes all members of the Cocoseae 371 show differentiation between Becc. alfredii, and the northern Becc. madagascariensis 380 population. It is possible that selfing within these northern populations led to 381 polyploidy with subsequent dispersal by frugivores to new habitats resulting in 382 speciation. Including Beccariophoenix alfredii, a tetraploid shown in this current 383 study, we found that polyploidy occurred at least four times within the Cocoseae. 384
Our phylogenetic analysis suggests that the ancestral genome size for the 385 Attaleinae may have been small (ca. 4.80 pg). We observed some variability in 386 genome size at the generic level but genome size within a given genus was broadly 387 conserved except for Syagrus glaucescens and S. romanzoffiana (Fig. 3) . The Sequencing have already been published by (Fan et al., 2013) and (Huang et al., 2014) . 408
A preliminary draft coconut genome sequence was presented by Alsahiati et al. 409
(2014) without prior estimation of genome size and variation among cultivars. The 410 coconut genome is 4 and 1.6 times larger than the date palm and oil palm respectively, 411 which requires a much deeper sequencing effort. In addition, a larger genome means 412 that more repeated sequences are present thus causing increased difficulty for 413 assembly. This difficulty can however be overcome by combining the extension of 414 scaffold using paired-end generation of large sequences with the production of a high 415 density linkage map. Whole genome sequencing will pave the way to a variety of 416 approaches such as SNP discoveries from genome wide association studies (GWAS). 417
The whole genome sequence of the coconut will provide us with insights into 418 decoding the traits associated with fruit morphology and more importantly to enable 419 the discovery of QTLs associated with disease resistance such as lethal yellowing 420 through association studies and mapping. 
